At a glance of commentaryScientific background on the subjectIn recent 20 years, a number of studies have demonstrated that the elevated levels of inhibin A in mid-trimester pregnant women are associated with the risk of preterm birth. However, there are no precise predictive values could be found to make clinical judgments.What this study adds to the fieldWe observed the same phenomenon during clinical practice. And we identified a value of inhibin A above 2.25 may predict subsequent preterm labor is this study. We believe that these results may give important information for evaluation of the risk of preterm birth.

Preterm birth refers to a delivery that occurs before 37 weeks of gestation. It is the leading cause of infant morbidity and mortality, especially if it occurs before 34 weeks of gestation. The worldwide incidence of preterm birth ranges around 5%--18%, accounting for approximately 70% of neonatal deaths, 36% of infant deaths, and 25%--50% of cases of long-term neurologic impairment in children [@bib1]. Approximately 50%--70% of preterm deliveries are spontaneous, and the current understanding of the mechanisms leading to preterm labor is limited to intra-amniotic infection, decidual senescence, and breakdown of maternal--fetal tolerance [@bib2]. Less than 10% of women with a clinical diagnosis of preterm labor give birth within 7 days of presentation; however, the rate of preterm delivery has not decreased in the past 30 years [@bib3], mainly because of failure to identify the high-risk group during routine prenatal care.

There are many risk factors for preterm birth, and several maternal characteristics and biomarkers have been shown to be associated with preterm labor. Hence, several attempts have been made to develop an accurate and efficient method to predict preterm birth; however, the reported results have been contradictory, making early detection of preterm labor rather difficult [@bib4]. Several studies have indicated that the first- and second-trimester maternal serum markers are significantly associated with the development of adverse pregnancy outcomes, and abnormal levels of serum markers have been reported to be associated with gestational hypertension, pre-eclampsia, fetal loss, preterm delivery, intrauterine fetal growth restriction, and placental abruption [@bib5], [@bib6], [@bib7], [@bib8], [@bib9]. Tul et al. reported that a high inhibin A level is associated with preterm delivery before 34 weeks [@bib9]. Furthermore, Jelliffe-Pawlowski et al. observed that second-trimester inhibin A at the 95th percentile or above was a risk factor for pregnancies ending in preterm birth [@bib10]. Several studies have indicated a relationship between inhibin A and preterm birth, but typically conclude that the predictive value of inhibin A in isolation is too limited to be used clinically; hence, further research in this regard is warranted [@bib9], [@bib10], [@bib11], [@bib12], [@bib13].

In this study, we aimed to determine whether inhibin A could be a reliable and accurate predictor of preterm birth which ever debated in previous studies, and review literature to discuss the possible pathogenic processes of inhibin A leading to preterm birth.

Materials and methods {#sec1}
=====================

A retrospective cohort study was conducted on consecutive singleton pregnant women who underwent the second-trimester quad screen test at a gestational age of 15--20 weeks at Keelung Chang-Gung Memorial Hospital from March 2011 to May 2015. Data were collected from an electric medical record database and thoroughly reviewed by a single investigator. Maternal characteristics including age, ethnicity, parity, body weight and gestational age (by the last menstrual period and/or ultrasound) during the quad test, smoking status, use of in vitro fertilization, medical disease, and previous obstetrics history were collected. Neonatal outcomes including gestational age at delivery, delivery method, and body weight at birth were reviewed. Data regarding pregnancy terminations before 24 weeks of gestational age and pregnancies that involved chromosomal or congenital anomalies were excluded from this analysis.

Maternal blood samples were collected, centrifuged, stored at 4 °C, and sent to a central laboratory for analysis within 7 days of collection. For biomarker analyses, we evaluated data regarding alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG), unconjugated estriol (uE3), and inhibin A in the quad screen test, which were converted to multiples of the median (MoMs) and were adjusted for gestational age, maternal body weight, and pre-existing diabetes. The biomarker levels were measured using commercially available kits and the AutoDELFIA analyzer (PerkinElmer Life Sciences, Waltham, MA, USA and Applied Biosystems, Brea, CA, USA).

Student\'s t-test was used to compare second-trimester AFP, hCG, uE3, and inhibin A in women with preterm deliveries versus those with term deliveries. All analyses were performed using Statistical Package for the Social Sciences (IBM SPSS Statistics 21.0), and the results were considered statistically significant when the *p* values were lower than 0.05.

Results {#sec2}
=======

In this study, a total of 935 women with singleton pregnancies were enrolled; however, pregnancy outcomes and complete maternal data were obtained from only 770 (82.3%) of them. All data regarding pregnancies that resulted in miscarriages or terminations owing to fetuses with major defects and pregnancies that were complicated by iatrogenic delivery before 24 weeks were excluded. Women in whom some variables were missing were excluded. In total, 687 (89.2%) women delivered at or after 37 weeks and 83 (10.8%) women delivered before 37 weeks, either because of spontaneous onset of labor or preterm premature rupture of membranes. No difference was observed between the term group (gestational age ≥ 37 weeks) and preterm group (gestational age \< 37 weeks) with regard to maternal age, parity, and maternal body weight. However, cesarean section rates were much higher in the preterm group (43.4%) than in the term group (28.4%) \[[Table 1](#tbl1){ref-type="table"}\].Table 1Maternal characteristics and obstetric history in the screened population.Table 1GA≧37 weeksGA\<37 weeks*p* valueSample numble68783Age30.330.60.474Weight57.859.70.146Parity1.231.440.09CS28.4%43.4%0.001NSD71.6%56.6%

The distributions of all serum markers in these two groups are shown in [Table 2](#tbl2){ref-type="table"}. In examination of the statistical relationships of each marker with preterm labor, the results of one-way analysis of variance \[[Table 3](#tbl3){ref-type="table"}\] showed that AFP, hCG, and inhibin A were significantly difference in the preterm labor group (*p* \< 0.05). Notably, women in the preterm group had relatively higher levels of inhibin A (mean ± SD, 1.39 ± 1.05 in the preterm group vs. 1.19 ± 0.57 in the term group) \[[Table 2](#tbl2){ref-type="table"}\], and the divergence of inhibin A was the most significant (F: 6.908) \[[Table 3](#tbl3){ref-type="table"}\]. We speculated that inhibin A helps predict preterm labor. Therefore, the predictive ability of inhibin A was assessed, and the cutoff points for defining "high" serum inhibin A levels to predict preterm labor were chosen using the Fisher exact test and receiver operating characteristic (ROC) curve \[[Fig. 1](#fig1){ref-type="fig"}\]. The area under the Curve of ROC (AUC) is 0.574 with upper limit 0.638 and lower limit: 0.510. We identified a value of inhibin A above 2.25 may predict subsequent preterm labor and the significance was approved according to Pearson chi-squared test (P: 0.04) and Fisher exact test (P:0.048) \[[Table 4](#tbl4){ref-type="table"}\].Table 2MoM value range of each maternal serum marker in the quad screen test.Table 2DescriptivesNMeanStd. DeviationStd. Error95% Confidence Interval for MeanMinimumMaximumLower BoundUpper BoundAFPGA≧37 weeks6871.11160.36390.01391.08431.13880.402.54GA\<37 weeks831.20400.49640.05451.09561.31240.503.59Total7701.12150.38110.01371.09461.14850.403.59uE3GA≧37 weeks6871.07410.30600.01171.05121.09710.382.19GA\<37 weeks831.08780.29900.03281.02251.15310.341.90Total7701.07560.30510.01101.05401.09720.342.19hCGGA≧37 weeks6871.32110.66950.02551.27091.37120.204.67GA\<37 weeks831.49011.13760.12491.24171.73850.168.02Total7701.33930.73530.02651.28731.39130.168.02Inhibin AGA≧37 weeks6871.19690.57190.02181.15411.23980.376.13GA\<37 weeks831.39241.04900.11511.16341.62150.486.82Total7701.21800.64240.02321.17261.26350.376.82[^1]Table 3The results of student t-test in the statistical relationships of each marker with preterm labor.Table 3t-test for Equality of MeansMean differenceStd. error difference95% confidence interval of the differencetdfSig. (2-tailed)lowerupperAFPEqual variances assumed0.092420.044190.005670.179162.0917680.037uE3Equal variances assumed0.013680.03547−0.055960.083320.3867680.700hCGEqual variances assumed0.169060.085280.001650.336471.9827680.048Inhibin AEqual variances assumed0.195470.074370.049470.341462.6287680.009[^2]Fig. 1The predictive ability of inhibin A was assessed by receiver operating characteristic (ROC) curve. The area under the Curve of ROC is 0.574 with upper limit 0.638 and lower limit: 0.510.Fig. 1Table 4Cross tabulations reveal the cutoff value of inhibin A for prediction of preterm labor.Table 4Cross tabulationGA≧37 weeksGA\<37 weeksInhibin A Inhibin A≧2.25  Count36945  % within INHIBINA80.0%20.0%100.0%  Adjusted Residual−2.12.1 Inhibin A\<2.25  Count65174725  % within INHIBINA89.8%10.2%100.0%  Adjusted Residual2.1−2.1Total Count68783770 % within INHIBINA89.2%10.8%100.0%Chi--Square testsValuedfSignificationExact significationPearson Chi--Square4.22510.040Fisher\'s exact test0.048N of Valid Cases770[^3]

Discussion {#sec3}
==========

The second-trimester quad screen test is a widely used screening test for Down syndrome and neural tube defects. This test comprises four components, namely maternal serum AFP, hCG, uE3, and inhibin A. These biomarkers are measured not only to detect Down syndrome but also help predict some adverse fetal outcome. The excessive or deficient release of some placental hormones in association with gestational diseases may reflect abnormal differentiation of the placenta, impaired fetal metabolism, or an adaptive response of the fetoplacental unit to adverse conditions [@bib14]. For example, inhibin A is overexpressed in the second-trimester placental tissue in pregnancies affected by fetal Down syndrome. The mechanisms probably include increased protein translation or a lower rate of protein degradation, or increased gene expression of the subunits [@bib15].

Inhibin, first isolated in 1923, is a heterodimer composed of alpha and beta subunits linked by a disulphide bridge, and is a member of the transforming growth factor beta (TGFb) superfamily. It exists in two forms, inhibin A and inhibin B; however, only inhibin A shows significant changes during pregnancy. The corpus luteum contributes to elevation of inhibin A levels in the first trimester, which peak at 8--10 weeks and decrease during the second trimester. The levels rise again in the third trimester and reach considerably high concentrations in term placenta, which helps in firmly supporting the placenta. Thus, the human placenta is a major site of production and secretion of inhibin A [@bib15], [@bib16], [@bib17]. Measurement of abnormal elevation of inhibin A levels in second trimester for early detection of adverse pregnancy outcomes has been investigated, and it has been suggested that elevated serum inhibin A reflects trophoblast viability. The cellular mechanisms underlying increased maternal inhibin A levels are unclear, but several reports have supported that inhibin A is involved in the control of fetomaternal communication, which is required to maintain pregnancy. Decreased maternal serum inhibin has been reported in ectopic pregnancies, and increased probability of pregnancy loss has been associated with lower serum inhibin A levels after in vitro fertilization [@bib14], [@bib15], [@bib16], [@bib17], [@bib18]. Some studies have reported the use of inhibin A as a predictor of intrauterine fetal growth restriction, although the results have been controversial [@bib12], [@bib13], [@bib19], [@bib20].

In our study, we observed that inhibin A levels were significantly increased in the preterm group. This finding was compatible with that of the FASTER trial in 2005, which evaluated each marker of the quad test alone and reported that preterm birth has a significant association with isolated elevation of inhibin A [@bib13]. One-third of preterm infants are born to mothers with an intra-amniotic infection that is largely subclinical, and microorganisms and their products induce a cascade of chemokines, cytokines, prostaglandins, and proteases, leading to activation of parturition [@bib2]. Cytokines, especially IL-β, have been reported to be associated with stimulation of inhibin A secretion [@bib20]. We presume that elevated inhibin A levels indicate occult infection or inflammatory events in early pregnancy, triggering preterm labor subsequently. On the other hands, approximately 30% of women who undergo preterm labor show uteroplacental ischemia [@bib2], and this may lead to diminished or intermittent perfusion of the intervillous space. The chronic ischemia--reperfusion injury of the placenta leads to insufficient oxygen supply or oxidative stress, which has been considered to trigger alteration in the level of inhibin A. Muttukrishna suggested that the transcription of the inhibin subunit genes is switched on under impaired placental growth, and therefore, inhibin A synthesis and excretion increase in the placenta as a compensatory mechanism to enable the progression of the pregnancy well into the second trimester [@bib20].

In the last two decades, several studies have reported that an elevated level of inhibin A in maternal serum during the second trimester may contribute to the subsequent development of pre-eclampsia [@bib21], [@bib22], [@bib23]. Preterm labor, low birth body weight, and pre-eclampsia were possibly correlated with the pathological conditions of placental development, and the release of trophoblastic factors from the placenta is altered because of a dysfunctional syncytiotrophoblast. Fitzgerald et al. found significant reduction of cytotrophoblast proliferation in pregnancies complicated by extreme preterm delivery. The cytotrophoblast progenitors subsequently increased differentiation and fusion into syncytiotrophoblast which released hCG and/or inhibin into maternal blood. The elevated second-trimester maternal serum levels of inhibin A may result from premature accelerated differentiation of the villous cytotrophoblasts [@bib24]. Further, we propose a hypothesis to explain the elevated levels of inhibin A in the preterm labor group. Most of the biomarkers are derived from the mother and the placenta (or fetus). Hence, if a marker decreases in placental tissues owing to placental insufficiency, it may increase in maternal blood owing to the compensatory effect of maternal sources, which may help to maintain the pregnancy. However, it is still difficult to distinguish confirm certain biomarker in predicting adverse pregnant outcome because of complex cross-interaction between mother and fetus. If a factor is only derived from the mother and not present or released from the placenta, it could be a good marker which simply response to an inflammatory or metabolic condition of the mother during pregnancy. The huge variety of reasons and uncertain maternal or placental sources which influence variability the calculation of any biomarker detected in maternal blood [@bib25].

In several recent studies have investigated serum biomarkers as predictors of preterm delivery. Shin et al. observed that insulin-like growth factor binding protein 3 (IGFBP-3) is an independent predictor of preterm delivery in asymptomatic women [@bib26], and Pummara et al. showed that a PAPP-A level ≤10th percentile was significantly associated with an increased risk of idiopathic preterm birth [@bib27]. Although, as per current guidelines, prevention of preterm birth in patients with abnormal serum biomarkers is not recommended for progesterone prophylaxis, a transvaginal ultrasound may be performed to measure if the patients have a short cervical length. Early detection of preterm labor enables close surveillance of pregnant women at risk and the planning of an appropriate management strategy. Vaginal progesterone in women at risk of preterm labor, cervical cerclage in high-risk women with a shortened cervix, corticosteroids to improve the outcomes of premature neonates, and tocolytic agents that allow time for the administration of antenatal corticosteroids and transfer to a tertiary care facility have been suggested for prevention and management of preterm labor [@bib28]. Despite the remarkable advances in the care of premature neonates, the development of preventive interventions for preterm labor is still a major target of obstetric research.

Conclusion {#sec4}
==========

Although the causes of preterm labor are not well understood, the interactions between maternal blood and placenta may alter specific markers in maternal blood. It is essential to identify reliable and accurate predictors of obstetric risk to enable early intervention. Early prediction and treatment of preterm birth would greatly reduce mortality, morbidity, and the associated costs. In this study, we present an inhibin A level above 2.25 MoM in the quad screen test may be considered as an index for detecting preterm labor before the onset of symptoms. Although the physiological functions and mechanisms of inhibin A during normal and abnormal pregnancies are not well understood, we suggest that close monitoring for uterine contraction or cervical length measurement in the second trimester may be indicated in patients with unexplained elevated inhibin A levels. A larger, creative prospective study may provide more detailed information about the role of inhibin A and various other biomarkers in preterm labor, encourage the development of a low-cost, noninvasive screening tool to detect at-risk pregnancies, and possibly contribute to preventing future preterm labor.
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[^1]: Abbreviations: AFP: alpha-fetoprotein; CI: confidence interval; hCG: human chorionic gonadotropin; MoM: multiples of the median; uE3: unconjugated estriol; Std: standard.

[^2]: Abbreviations: df: the degrees of freedom in the source; Std.: standard; Sig: signification.

[^3]: Abbreviation: df: the degrees of freedom in the source.
